. We have recently demonstrated all-active mode-locked lasers with ultra-low amplitude and timing jitter [2], but unfortunately our jitter measurement was limited by driving oscillator noise and the spectrum analyzer dynamic range. In this paper we describe how we have constructed a wideband residual phase-noise measurement set-up working at 40 GHz, which to our knowledge is the first of its kind at this frequency, and used it to measure the intrinsic timing jitter of our lasers.
While standard absolute phase noise measurements only measures the phase noise close to the carrier, the phase noise at large offsets, i.e. on a short timescale is in fact the most important for most optical signal processing. The slow part of the jitter can be tracked by a clock recovery circuit (CR), but the high-frequency jitter will always be present and may give detrimental performance in optical signal processing systems. Our measurement technique is based on the von der Linde method [3] , but overcomes the drawbacks of oscillator noise and spectrum analyzer thermal noise, which reduces the important high frequency dynamic-range. Similar residual phase-noise measurements have been performed at lower repetition rates [4] [5] [6] [7] such as 10 GHz or lower. However, when increasing the repetition rate the upper limit of integration scales with this rate and requires a very high bandwidth of the electronics. The present set-up uses waveguide components to cover the full Q-band (33 GHz -50 GHz) and allows practical measurement to 10 GHz offset, which is enough to observe all the characteristic features of the spectrum and to extrapolate to the Nyquist frequency of 20 GHz. The distinction between slow and fast jitter, equivalent to the choice of lower integration limit, will depend on the bandwidth of the CR circuit and possibly also the path length difference between the CR signal and data stream, if optical signal processing is used. The device under test (DUT) is our laser, the optical fibre and the photo diode. The measurement system, figure 1, consists of an electrical delay line, a mixer and two low-noise amplifiers. The delay line is tuned so that the RF-and LO-signal to the mixer are in quadrature. Since -100-. The single-side-band phase-noise spectrum (SSB) in the top part of figure 2 is found from the measured double-side-band spectrum by subtracting 3 dB. The noise spectra have a characteristic white noise plateau, which is as low as -123dBc/Hz for the l-QW device, showing good qualitative CThN2 agreement with the theoretical predictions in [10] , and quantitative agreement with the absolute phase noise measurements on the same devices in [2] . The "white" spontaneous emission noise is filtered by the cavity with a characteristic corner frequency and a 30-35 dB roll-off, which again qualitatively agree well with the theoretical results of [10] and with the experimental results in [4] and [6] . The lower graph of figure 2 shows the intrinsic laser jitter integrated from a variable lower limit to the Nyquist frequency of 20 GHz. The 1-QW device has a record low timing jitter of only 39 fs, measured in the full band from 10 kHz to 20 GHz offset. Since we are not able to measure the noise correctly after 10 GHz, we calculate an upper estimate of the jitter between 20 GHz and 10 GHz from the noise floor, which already have been reached. This can be safely done since the laser is fundamentally modelocked and therefore no supermode noise is present. The extrapolated part of the noise-spectra has a minor impact on the overall jitter, contributing with less than 1.2 fs. In fact the two decades of the noise spectra around the corner frequency -approximately 100 MHz here -are the most important contributors to the overall jitter. The white noise plateau is reduced with a lower number of quantum wells. This agrees well with the prediction in [2] : the higher inversion and gain saturation energy of the gain medium results in less pulseshaping dynamics, which reduces the total loss and thus the amplified spontaneous emission noise level. 
50-GHz

